Keywords: eavesdropping giant Asian honeybee pollinator predatoreprey interaction trail pheromone weaver ant Pollinators provide a key ecosystem service that can be influenced by predation and predator avoidance. However, it was unclear whether pollinators can avoid predators by eavesdropping, intercepting predator signals. Using a natural species assemblage, we show that a bee can eavesdrop on and avoid the trail pheromone of a sympatric ant, while foraging on a native plant. The giant Asian honeybee, Apis dorsata, avoided Calliandra haematocephala inflorescences with live weaver ants, Oecophylla smaragdina. Although few foraging bees were attacked, ants killed the bee in almost a third of attacks. Ant presence alone significantly reduced bee floral visits. Bees showed nearly equal avoidance of live ants and trail pheromone extracts, demonstrating that olfactory eavesdropping alone can elicit full avoidance. We then used GC-MS to analyse compounds deposited by ants walking and laying trail pheromone. The most abundant compounds were all trail pheromone components. However, bees did not avoid the most abundant and conspicuous trail pheromone compound, heneicosane. Foragers may instead detect a mixture of different trail pheromone compounds. Our results contribute to a growing understanding of how public information about predators and competitors can shape food webs, and show that pollinators can tap into the private signals of predators and use this information to their advantage.
Pollinators provide a key ecosystem service that can be influenced by predation and predator avoidance. However, it was unclear whether pollinators can avoid predators by eavesdropping, intercepting predator signals. Using a natural species assemblage, we show that a bee can eavesdrop on and avoid the trail pheromone of a sympatric ant, while foraging on a native plant. The giant Asian honeybee, Apis dorsata, avoided Calliandra haematocephala inflorescences with live weaver ants, Oecophylla smaragdina. Although few foraging bees were attacked, ants killed the bee in almost a third of attacks. Ant presence alone significantly reduced bee floral visits. Bees showed nearly equal avoidance of live ants and trail pheromone extracts, demonstrating that olfactory eavesdropping alone can elicit full avoidance. We then used GC-MS to analyse compounds deposited by ants walking and laying trail pheromone. The most abundant compounds were all trail pheromone components. However, bees did not avoid the most abundant and conspicuous trail pheromone compound, heneicosane. Foragers may instead detect a mixture of different trail pheromone compounds. Our results contribute to a growing understanding of how public information about predators and competitors can shape food webs, and show that pollinators can tap into the private signals of predators and use this information to their advantage. © 2014 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.
Predators can influence pollinator behaviour (Romero, Antiqueira, & Koricheva, 2011) and thereby influence pollination (Dukas, 2005) , a key ecosystem service (Klein et al., 2007; Vanbergen & Initiative, 2013) . To avoid predators, pollinators can use public information, arising from foragers, predators and their interactions (Chittka & Leadbeater, 2005; Goodale & Nieh, 2012; Romero et al., 2011) . This information usage has cascading consequences for plantepollinator mutualisms because predators can deter pollinator visits, thereby reducing seed (Suttle, 2003) and fruit production (Dukas, 2005) . Eavesdropping, a type of public information use, is defined as receivers intercepting and using signals designed for other senders (Peake, 2005) . Eavesdropping is particularly interesting because it has consequences for signal evolution. Signals should evolve to balance the twin pressures of carrying information for intended receivers and escaping detection by unintended receivers. Thus, eavesdropping on predator signals by pollinators has implications for pollination ecology and signal evolution.
Ants interact with pollinators in complex ways (Gonz alvez, Santamaría, Corlett, & Rodríguez-Giron es, 2013; Wielgoss et al., 2013) . They can compete for floral resources with pollinators, deterring them through interference competition, exploitation competition and predation (Rodríguez-Giron es, Gonz alvez, Llandres, Corlett, & Santamaría, 2013). Through exploitation competition, live Lasius niger ants reduced the average per flower foraging time of bumblebees, Bombus terrestris, on ant-infested flowers (Ballantyne & Willmer, 2012) . Argentine ants, Linepithema humile, exhibited interference competition and attacked pollinators at morning glory plants and reduced seed set (Hanna et al., 2014) . Solenopsis xyloni ants also used interference competition to deter bee pollinator visits, resulting in fruits with significantly fewer and smaller seeds (Ness, 2006) . In many cases, the precise form of competition (interference competition, exploitation competition or both) is unclear. Argentine ant presence repelled cactus bees (Diadasia spp.) from visiting barrel cacti, decreasing the number of seeds per fruit (LeVan, Hung, McCann, Ludka, & Holway, 2014) . Pheidole megacephala ants repelled native Hylaeus bees from flowers (Lach, 2008) . Predation or the threat of predation can also affect pollinators. Weaver ants repelled Nomia bees from flowers (Gonz alvez et al., 2013) , evidently by presenting a predation threat. Finally, ants, particularly the weaver ant, Oecophylla smaragdina
